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(57) ABSTRACT 

A non-volatile memory device includes: a floating gate hav 
ing a plurality of fingers; a first coupling unit including an 
active control gate which overlaps with the floating gate in a 
Vertical direction; a second coupling unit including a plurality 
of control plugs which overlap with the floating gate in a 
horizontal direction; and a control unit which electrically 
connects the active control gate to the control plugs and 
controls a bias to be applied to the active control gate. 
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1. 

NON-VOLATILE MEMORY DEVICE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

The present application claims priority of Korean Patent 
Application No. 10-2014-0015404, filed on Feb. 11, 2014, 
which is incorporated herein by reference in its entirety. 

BACKGROUND 

1. Field 
Exemplary embodiments of the present invention relate to 

a semiconductor device fabrication technology, and more 
particularly, to a non-volatile memory device. 

2. Description of the Related Art 
Recent digital media devices allow people to readily use 

information they want anywhere at any time. As various 
devices are converted from analog to digital and the digital 
devices are propagating rapidly, storage media are required 
for storing video, recorded music, and diverse data. As a 
result, global semiconductor industries are competitively 
making an investment in System on Chip (“SoC) foundation 
technology to keep pace with the trend of high integration. 
The SoC is a technology integrating all system technologies 
into a single semiconductor. Without system designing tech 
nology, it is difficult to develop a non-memory semiconduc 
tor. As chips having a complex function of both digital circuits 
and analog circuits emerge as mainstream technology in the 
SoC field, there is an increasing demand for an embedded 
memory that trims an analog device or stores an internal 
operation algorithm. 

Since an embedded memory is fabricated based on a logic 
process or a complementary metal-oxide semiconductor 
(“CMOS) process for forming a logic circuit, it is difficult to 
improve the integration degree of the embedded memory. 

SUMMARY 

Exemplary embodiments of the present invention are 
directed to a non-volatile memory device having improved 
integration degree. 

In accordance with an embodiment of the present inven 
tion, a non-volatile memory device includes: a floating gate 
having a plurality offingers; a first coupling unit including an 
active control gate which overlaps with the floating gate in a 
Vertical direction; a second coupling unit including a plurality 
of control plugs which overlap with the floating gate in a 
horizontal direction; and a control unit which electrically 
connects the active control gate to the control plugs and 
controls a bias applied to the active control gate. 

In accordance with another embodiment of the present 
invention, a non-volatile memory device includes: an active 
control gate formed in a Substrate; a floating gate having a 
plurality of fingers which are formed over the substrate and 
divided to overlap with the active control gate; a plurality of 
control plugs which are formed over the active control gate 
and disposed adjacent to the fingers with gaps between them; 
and a rectifier which electrically connects the active control 
gate to the control plugs and controls a bias to be applied to the 
active control gate. 

In accordance with another embodiment of the present 
invention, a non-volatile memory device includes: a first well 
of a second conductive type which is formed over a substrate; 
a second well which is formed over the substrate and has a 
first conductive type in a complementary relationship to the 
second conductive type; a floating gate which is formed over 
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2 
the substrate, and overlaps with the first and second wells, and 
includes a plurality offingers overlapping with the first well; 
a selection gate which is formed over the substrate and over 
laps with the second well; a plurality of control plugs which 
are formed over the first well and are disposed adjacent to the 
fingers with gaps between them; spacers which are formed on 
the sidewalls of the floating gate and the selection gate and 
gap-fill the gap; and an impurity region of a second conduc 
tive type which is formed in the first well below the control 
plug and electrically connects the control plug to the first 
well. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective view illustrating a non-volatile 
memory device in accordance with an embodiment of the 
present invention; 

FIG. 2 is a plan view illustrating the non-volatile memory 
device in accordance with the embodiment of the present 
invention; 

FIG.3 is a cross-sectional view illustrating the non-volatile 
memory device taken along an A-A line shown in FIG. 2; 

FIG. 4 is a cross-sectional view illustrating the non-volatile 
memory device taken along a B-B' line shown in FIG. 2; 

FIG. 5 illustrates an equivalent circuit diagram of the non 
volatile memory device in accordance with the embodiment 
of the present invention; 

FIG. 6 is a plan view illustrating a cell array of the non 
volatile memory device in accordance with another embodi 
ment of the present invention; 

FIGS. 7A to 7D are cross-sectional views illustrating a 
method for fabricating the non-volatile memory device in 
accordance with the embodiments of the present invention; 
and 

FIGS. 8A to 8D are cross-sectional views illustrating a 
method for fabricating the non-volatile memory device in 
accordance with the embodiments of the present invention. 

DETAILED DESCRIPTION 

Various examples and implementations of the disclosed 
technology are described below in detail with reference to the 
accompanying drawings. 
The drawings may not be necessarily to scale and in some 

instances, proportions of at least Some of structures in the 
drawings may have been exaggerated in order to clearly illus 
trate certain features of the described examples or implemen 
tations. In presenting a specific example in a drawing or 
description having two or more layers in a multi-layer struc 
ture, the relative positioning relationship of such layers or the 
sequence of arranging the layers as shown reflects aparticular 
implementation for the described or illustrated example and a 
different relative positioning relationship or sequence of 
arranging the layers may be possible. In addition, a described 
or illustrated example of a multi-layer structure may not 
reflect all layers present in that particular multilayer structure 
(e.g., one or more additional layers may be present between 
two illustrated layers). As a specific example, when a first 
layer in a described or illustrated multi-layer structure is 
referred to as being “on” or “over a second layer or “on” or 
“over a substrate, the first layer may be directly formed on 
the second layer or the Substrate but may also represent a 
structure where one or more other intermediate layers may 
exist between the first layer and the second layer or the sub 
Strate. 

In the drawings, a thicknesses and a distance of compo 
nents are exaggerated compared to an actual physical thick 
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ness and interval for convenience of illustration. In the fol 
lowing description, detailed explanation of known related 
functions and constitutions may be omitted to avoid unnec 
essarily obscuring the Subject manner of the present inven 
tion. Like reference numerals refer to like elements through 
out the specification and drawings. 

Furthermore, connected/coupled represents that one 
component is directly coupled to another component or indi 
rectly coupled through another component. In this specifica 
tion, a singular form may include a plural form as long as it is 
not specifically mentioned in a sentence. Furthermore, 
include/comprise’ or including/comprising used in the 
specification represents that one or more components, steps, 
operations, and elements exist or are added. 

Described hereafter is a non-volatile memory device that 
may be easily applied to an embedded memory utilized in the 
field of System on Chip (SoC) technology integrating com 
plicated technologies and may improve the integration degree 
of the embedded memory. To this end, the embodiments of the 
present invention provide a flash Electrically Erasable Pro 
grammable Read-Only Memory (EEPROM) that may be eas 
ily applied to an embedded memory. The flash EEPROM may 
store data even in the absence of power Supply, and electri 
cally erase and program data. The flash EEPROM includes a 
single gate EEPROM having one gate (e.g., a floating gate), a 
stack gate (ETOX) EEPROM where two gates (e.g., a floating 
gate and a control gate) are stacked vertically, a dual gate 
EEPROM, a split gate EEPROM and so on. 
The single gate EEPROM has an advantage in that it may 

be fabricated based on a logic process without an additional 
process. However, a well structure occupying a large area, 
e.g., an active control gate (ACG), is required in order to 
secure a coupling ratio that a device requires. Also, the inte 
gration degree is low because a structure for programming 
and erasing data, e.g., a well structure, has to be implemented 
independently. On the contrary, since the stack gate 
EEPROM, the dual gate EEPROM and the split gate 
EEPROM may easily secure the coupling ratio that the device 
requires in comparison with the single gate EEPROM, the 
integration degree may easily increase. However, there are 
disadvantages in that productivity is low due to an additional 
process further requiring dozens of masks in addition to a 
predetermined logic process and it is difficult to apply to an 
embedded memory. 

Therefore, the embodiments of the present invention are 
directed to a non-volatile memory device that may be fabri 
cated based on a logic process without an additional process 
and that improves the integration degree. To improve the 
integration degree, the coupling ratio that the device requires 
has to be secured in a minimum area. To this end, the embodi 
ments may include an active control gate (ACG) by which an 
electric field applies to a floating gate in a vertical direction 
and a control plug (CP) by which an electric field applies to 
the floating gate in a horizontal direction. 

In the following description, a first conductive type and a 
second conductive type are in a complementary relationship 
to each other. That is, the second conductive type is an N-type 
when the first conductive type is a P-type, and the second 
conductive type is a P-type when the first conductive type is 
an N-type. This means that a non-volatile memory device in 
accordance with the embodiments of the present invention 
may have an N-channel type or a P-channel type. For the sake 
of convenience in description, it is presumed herein that the 
first conductive type is a P-type, and the second conductive 
type is an N-type. Hereafter, a non-volatile memory of an 
N-channel type is exemplarily described. 
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4 
FIGS. 1 to 4 illustrate a unit cell of a non-volatile memory 

device in accordance with an embodiment of the present 
invention. Specifically, FIG. 1 is a perspective view, and FIG. 
2 is a plan view, and FIG.3 is a cross-sectional view illustrat 
ing the non-volatile memory device taken along an A-A line 
shown in FIG. 2 while FIG. 4 is a cross-sectional view illus 
trating the non-volatile memory device taken along a B-B' 
line shown in FIG. 2. 

Referring to FIGS. 1 to 4, the non-volatile memory device 
in accordance with the embodiment of the present invention 
may include a floating gate FG which is formed over a Sub 
strate 101 and includes a plurality offingers FG1 and FG2, a 
first coupling unit which is formed over the substrate 101 and 
uses an active control gate 106 overlapping with the fingers 
FG1 and FG2, a second coupling unit which is formed over 
the substrate 101 and uses a plurality of control plugs 113 
disposed adjacent to the fingers FG1 and FG2 with a gap 
between them, and a control unit 120 which electrically con 
nects the active control gate 106 to each of the control plugs 
113 and controls a bias applied to the active control gate 106 
through the control plug 113. The control unit 120 may 
include a diode. The diode may include a P-N junction diode. 

Hereafter, detailed description on the components and con 
figurations of the non-volatile memory device in accordance 
with the embodiment of the present invention is provided. 
The non-volatile memory device in accordance with an 

embodiment of the present invention may include an isolation 
layer 102 which is formed in the substrate 101 and defines a 
first active region 103 and a second active region 104. The 
substrate 101 may be a semiconductor substrate. The semi 
conductor Substrate may be of a single crystal state and con 
tain a silicon-containing material. That is, the semiconductor 
Substrate may include a single crystal silicon-containing 
material. For example, the substrate 101 may be a bulk silicon 
substrate or a silicon-on-insulator (SOI) substrate where a 
Support Substrate, a buried insulation layer and a single crys 
tal silicon layer are sequentially stacked. 
The isolation layer 102 may be formed through a shallow 

trench isolation (STI) process and include an insulation mate 
rial. The first active region 103 and the second active region 
104 which are defined by the isolation layer 102 may be 
disposed to be spaced apart from each other with a predeter 
mined gap. The first active region 103 may correspond to a 
coupling region, and the second active region 104 may cor 
respond to a tunneling region and a read region. That is, the 
first active region 103 may be a region for coupling the float 
ing gate FG, and the second active region 104 may be a region 
for programming, erasing and reading data. Therefore, an 
area of the first active region 103 may be larger than an area of 
the second active region 104. 
The non-volatile memory device in accordance with the 

embodiment of the present invention may include a deep well 
105 of a second conductive type, e.g., a deep N-well, which is 
formed in the substrate 101, a first well 106 of the second 
conductive type, e.g., an —N-well, which is formed in the 
deep well 105 to correspond to the first active region 103, and 
a second well 107 of a first conductive type, e.g., a P-well, 
which is formed in the deep well 105 to correspond to the 
second active region 104. The first well 106 serves as the 
active control gate 106. Therefore, the first well and the active 
control gate have the same reference numeral “106”. The 
deep well 105, the first well 106 and the second well 107 may 
be formed by ion-implanting an impurity into the Substrate 
101. The first well 106 and the second well 107 may be 
disposed to be spaced apart from each other with a predeter 
mined gap or adjacent to each other on one side. When the 
first well 106 and the second well 107 are disposed adjacent to 
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each other, junction isolation between them may occur due to 
a difference in conductive types. 
The non-volatile memory device in accordance with the 

embodiment of the present invention may include the floating 
gate FG, a selection gate SG and sidewall spacers 110 formed 
on the sidewalls of the floating gate FG and the selection gate 
SG. The floating gate FG and the selection gate SG may be a 
stacked structure where a gate insulation layer 108 and a gate 
electrode 109 are stacked. The gate insulation layer 108 may 
be a single layer selected from the group consisting of an 
oxide layer, a nitride layer and an oxynitride layer, or a 
stacked layer thereof. The gate electrode 109 may include a 
silicon-containing material, e.g., a poly-silicon layer, and/or a 
metallic layer. 
The floating gate FG stores logic information. The floating 

gate FG may overlap with the first active region 103 and the 
second active region 104. That is, the floating gate FG may 
overlap with the first well 106 and the second well 107. The 
floating gate FG may be extended from the second active 
region 104 to the first active region 103 over the second active 
region 104 and the first active region 103. The floating gate 
FG over the first active region 103 may include the divided 
fingers FG1 and FG2. That is, the floating gate FG may be a 
multi-finger type. Specifically, the floating gate FG may 
include the fingers FG1 and FG2 which are divided to overlap 
with the first well 106 corresponding to the first active region 
103, i.e., the active control gate 106, in a vertical (i.e. sub 
stantially perpendicular) direction relative to the substrate 
101. The fingers FG1 and FG2 increase a coupling ratio 
between the floating gate FG and the active control gate 106 
by increasing an overlapping area between them. Also, the 
fingers FG1 and FG2 increase a coupling ratio between the 
floating gate FG and the control plugs 113 by increasing an 
overlapping area between them in a horizontal direction rela 
tive to the substrate 101. 

The selection gate SG prevents over-erase of the non-vola 
tile memory device. The selection gate SG may overlap with 
the second active region 104. The selection gate SG may be 
disposed to be spaced apart from one side of the floating gate 
FG with a predetermined gap. The selection gate SG may be 
formed simultaneously with the floating gate FG. 

Each of the sidewall spacers 110 includes an insulation 
layer. For example, the sidewall spacer 110 may be a single 
layer selected from the group consisting of an oxide layer, a 
nitride layer and an oxynitride layer, or a stacked layer 
thereof. The sidewall spacers 110 formed on the sidewalls of 
the floating gate FG may serve as charge blocking layers. That 
is, the sidewall spacers 110 may block charges between the 
floating gate FG and the control plugs 113. 
The non-volatile memory device in accordance with the 

embodiment of the present invention may include an inter 
layer insulation layer 111 which covers over the structure 
including the floating gate FG and the selection gate SG, and 
a plurality of control plugs 113 which penetrate the inter-layer 
insulation layer 111 and are disposed adjacent to the floating 
gate FG with gaps 112 between them. The gaps 112 between 
the floating gate FG and the control plugs 113 may be gap 
filled with the sidewall spacers 110. The sidewall spacers 110 
may serve as charge blocking layers. The inter-layer insula 
tion layer 111 may be a single layer selected from the group 
consisting of an oxide layer, a nitride layer and an oxynitride 
layer, or a stacked layer thereof. 

Each of the control plugs 113 couples the floating gate FG 
along with the active control gate 106. To this end, the control 
plug 113 may have one or more sidewalls facing the floating 
gate FG. For example, the control plug 113 may be disposed 
between the fingers FG1 and FG2. As areas of the sidewalls 
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6 
where the control plugs 113 and the floating gate FG face each 
other increase in a horizontal direction, a coupling ratio 
between them may increase. Also, the control plug 113 trans 
fer a bias applied to the active control gate 106. To this end, 
the control plug 113 is disposed over the first active region 
103 and may be electrically connected to the active control 
gate 106. 
The non-volatile memory device in accordance with the 

embodiment of the present invention may include a first 
impurity region 114 of a first conductive type formed in the 
first active region 103 and a second impurity region 115 of a 
second conductive type formed in the second active region 
104. The first impurity region 114 and the second impurity 
region 115 may be formed through an ion-implantation pro 
cess. The first impurity region 114 and the second impurity 
region 115 may have lightly doped drain (LDD) structures. 
The first impurity region 114 may be formed in the first 

well 106 below the control plug 113 and overlap with the 
fingers FG1 and FG2. The first Impurity region 114 may be 
electrically connected to the active control gate 106 and the 
control plug 113, and couples the floating gate FG. Also, the 
first impurity region 114 forms a P-N junction with the first 
well 106 and electrically connects the active control gate 106 
to the control plugs 113. The first impurity region 114 may 
serve as a control unit 120 suitable for controlling a bias 
applied to the active control gate 106 through the control 
plugs 113. The control unit 120 may include a diode consist 
ing of the first well 106 and the first impurity region 114. An 
anode of the diode may be coupled with the control plugs 113, 
and a cathode of the diode may be coupled with the active 
control gate 106. 
A memory device which couples the floating gate FG by 

using the active control gate 106 has to use just one control 
plug 113 between apositive bias and a negative bias. Since the 
non-volatile memory device in accordance with the embodi 
ment of the present invention includes both of the control 
plugs 113 capable of coupling the floating gate FG other than 
the active control gate 106 and the control unit 120 capable of 
applying selectively a bias to the active control gate 106, the 
non-volatile memory device may be free of a polarity of the 
bias applied to memory cells in order to couple the floating 
gate FG. 
The second impurity region 115 may be formed in the 

second well 107 on one side of the floating gate FG, on the 
other side of the selection gate SG, and between the floating 
gate FG and the selection gate SG. The second impurity 
region 115 may serve as a junction region, i.e., a source region 
and a drain region. The second impurity region 115 formed 
between the floating gate FG and the selection gate SG may 
couple a channel by the floating gate FG with a channel by the 
selection gate SG. 
The non-volatile memory device in accordance with the 

embodiment of the present invention may include a first con 
tact plug 116 which is coupled with the second impurity 
region 115 disposed adjacent to the floating gate FG by pen 
etrating the inter-layer insulation layer 111, a second contact 
plug 117 which is coupled with the second impurity region 
115 disposed adjacent to the selection gate SG, and a third 
contact plug 118 which is coupled with the selection gate SG. 
The first to third contact plugs 116 to 118 may be formed 
simultaneously with the control plugs 113. 
The non-volatile memory device in accordance with the 

embodiment of the present invention may include a control 
line CL which is formed over the inter-layer insulation layer 
111 and is coupled with the control plugs 113, a first bit line 
BL1 which is coupled with the first contact plug 116, a second 
bit line BL2 which is coupled with the second contact plug 
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117, and a selection line SL which is coupled with the third 
contact plug 118. The control line CL and the selection line 
SL may be disposed on the same plane in parallel with each 
other. The first bit line BL1 and the second bit line BL2 may 
be disposed on the same plane in parallel with each other. The 
control line CL and the selection line SL may intersect with 
the first bit line BL1 and the second bit line BL2, and be 
disposed on different planes. That is, the control line CL and 
the selection line SL may have a multi-layer interconnection 
structure with the first bit line BL1 and the second bit line 
BL2. 
As the non-volatile memory device having the aforemen 

tioned structure includes the first coupling unit having the 
active control gate 106 by which an electric field applies to the 
floating gate FG in a vertical direction and the second cou 
pling unit including the control plugs 113 by which an electric 
field applies to the floating gate FG in a horizontal direction, 
a coupling ratio that the device requires may be secured in a 
minimum area. As a result, the integration degree of the 
device may improve. 
As the coupling ratio that the device requires is secured, a 

structure, e.g., a well structure, for programming, erasing and 
reading data may be simplified, and the integration degree of 
the device may further improve. 

Hereafter, an example of a method for operating the non 
volatile memory device in accordance with the embodiment 
of the present invention is described with reference to the 
accompanying FIG. 5 and Table 1 along with FIGS. 1 to 4. 

FIG. 5 is an equivalent circuit diagram of the non-volatile 
memory device in accordance with the embodiment of the 
present invention. 

Referring to FIG. 5, the non-volatile memory device in 
accordance with the embodiment of the present invention 
may include a first to third capacitors C1, C2 and C3 having 
an influence on the coupling of the floating gate FG. The first 
capacitor C1 which is formed of the active control gate 106 
overlapping with the floating gate FG in a vertical direction 
may correspond to the first coupling unit. The second capaci 
tor C2 which is formed of the control plugs 113 overlapping 
with the floating gate FG in a horizontal direction may cor 
respond to the second coupling unit. The third capacitor C3, 
which is formed of the first impurity region 114 overlapping 
with the floating gate FG in a vertical direction, may be 
formed of the control unit 120. The coupling ratio of the 
floating gate FG is influenced by capacitances of the first to 
third capacitors C1, C2 and C3, and is proportional to those 
aaS. 

The control unit 120 which couples the control plug 113 
with the active control gate 106 and controls a bias applied to 
the active control gate 106 through the control plug 113 may 
include a diode by which an anode and a cathode may be 
coupled with the control plug 113 and the active control gate 
106, respectively. The capacitances having an influence on 
the coupling ratio of the floating gate FG during a program 
operation and an erase operation based on the control unit 
120, may be different from each other. Specifically, the float 
ing gate FG may be coupled by the first and second capacitors 
C1 and C2 during the program operation. Also, the floating 
gate FG may be coupled by the second and third capacitors C2 
and C3 during the erase operation. 
The non-volatile memory device in accordance with the 

embodiment of the present invention may apply a hot carrier 
injection (HCl) scheme or a Fowler-Nordheim (FN) tunnel 
ing scheme to the program operation and it may apply a 
band-To-band tunneling (BTBT) scheme or the Fowler-Nor 
dheim (FN) tunneling scheme to the erase operation. Hereaf 
ter, an example of an operation condition of the non-volatile 
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8 
memory device in accordance with the embodiment of the 
present invention is described with reference to the following 
Table 1. Table 1 illustrates a case where the FN tunneling 
scheme is applied during the program operation and the erase 
operation. The FN tunneling scheme requires a higher cou 
pling ratio of the floating gate FG than the HCl scheme and 
the BTBT scheme. That is, an operation using the FN tunnel 
ing scheme may be performed when an adequate coupling 
ratio is secured. 

TABLE 1 

Operation Program Erase Read 

Scheme FN FN 
tunneling tunneling 

Control line Active control gate VPP Floating VCC 
Control plug VPP -VPP VCC 
First impurity region VPP -VPP VCC 

First bit line Floating Floating Vread 
Second bit line Floating Floating GND 
Substrate (or Second well) -VPP VPP GND 

During the program operation, a pumping Voltage VPP and 
a negative pumping Voltage -VPP may be applied to the 
control line CL and the substrate 101, respectively, in a stage 
where the first bit line BL1 and the second bit line BL2 float. 
The pumping voltage VPP means a voltage which boosts a 
power supply voltage VCC. 
The pumping voltage VPP applied to the control line CL is 

equally applied to the active control gate 106, the control plug 
113 and the first impurity region 114. Since the same pump 
ing voltage VPP is equally applied to the active control gate 
106 and the first impurity region 114, the control unit 120, i.e., 
the third capacitor C3 formed of the first impurity region 114 
does not have an influence on the coupling ratio of the floating 
gate FG during the program operation. That is, the floating 
gate FG may be coupled by the first and second capacitors C1 
and C2 during the program operation. Since the control unit 
120, i.e., a diode is turned on in a forward direction as the 
pumping voltage VPP is applied to the control line CL, the 
floating gate FG may be coupled by the first capacitor C1. 

During the erase operation, a negative pumping Voltage 
-VPP and a pumping voltage VPP may be applied to the 
control line CL and the substrate 101, respectively, in a stage 
where the first bit line BL1 and the second bit line BL2 float. 
The negative pumping voltage-VPP applied to the control 

line CL is not applied to the active control gate 106 and is 
applied just to the control plug 113 and the first impurity 
region 114. The control unit 120, i.e., a diode is turned offin 
a reverse direction and the first capacitor C1 floats as the 
negative pumping Voltage-VPP is applied to the control line 
CL. Therefore, the floating gate FG may be coupled by the 
second and third capacitors C2 and C3 during the erase opera 
tion. Even though the active control gate 106 is used during 
the erase operation, the coupling ratio that the device requires 
may be provided for the erase operation. 

During the read operation, a read voltage Vread and a 
ground voltage GND may be applied to the first bit line BL1 
and the second bit line BL2, respectively, when a power 
supply voltage VCC is applied to the control line CL. In some 
cases, the read voltage Vread may be applied to the second bit 
line BL2, and the ground voltage GND may be applied to the 
first bit line BL1. 
As described above, as the non-volatile memory device 

secures the coupling ratio that the device requires, the diver 
sity of the operation schemes may be secured, and the opera 
tion characteristic may improve. As the adequate coupling 
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ratio is secured, the Hot Carrier Injection (HCl) scheme, the 
Band-To-Band Tunneling (BTBT) scheme and the Fowler 
Nordheim (FN) tunneling scheme may be used during the 
program operation and the erase operation. Therefore, an 
advantage of each operation scheme may be selectively used. 

Moreover, since the non-volatile memory device is free of 
a polarity of a bias used for coupling the floating gate FG as 
the control unit 120 is formed, the size of a peripheral circuit 
which applies the bias to memory cells may be reduced, and 
a variety of operation schemes may be easily applied. 

FIG. 6 is a plan view illustrating a cell array of the non 
volatile memory device in accordance with another embodi 
ment of the present invention. A cell array includes a plurality 
of unit cells that are arrayed. The cell array, which is to be 
described below, may include the unit cell of the non-volatile 
memory device in accordance with the embodiment of the 
present invention. For the sake of convenience in description, 
the following embodiment of the non-volatile memory device 
uses the same reference numerals appearing in FIGS. 1 to 4. 

Referring to FIG. 6, first wells 106 and second wells 107 of 
line types which are extended in a first direction D1 are 
disposed in a deep well 105. The first wells 106 and the 
second wells 107 may be disposed alternately in a second 
direction D2. Floating gates FG which overlap with the first 
wells 106 and the second wells 107 and have a plurality of 
fingers FG1 and FG2 divided over the first wells 106 and 
selection gates SG which overlap with the second wells 107. 
are disposed in matrix shapes. A plurality of control plugs 113 
are disposed over each of the first wells 106. The control plug 
113 may be disposed between the fingers FG1 and FG2 in one 
unit cell. The control plug 113 may be disposed between the 
fingers FG1 and FG2 between unit cells disposed adjacent to 
each other. First contact plugs 116 and second contact plugs 
117 may be disposed over the second wells 107 on one sides 
of the floating gates FG and the second wells 107 on the other 
sides of the selection gates SG, respectively. The adjacent unit 
cells may share the first contact plugs 116 and/or the second 
contact plugs 117 with each other. 

Although not illustrated, control lines CL which are 
extended in the first direction D1 and coupled with the control 
plugs 113, bit lines BL which are extended in the second 
direction D2 and coupled with the first and second contact 
plugs 116 and 117, and selection lines SL which are extended 
in the first direction D1 and coupled with the selection gates 
SG may be disposed. The control lines CL and the selection 
lines SL may have multi-layer interconnection structures 
with the bit lines BL. 

FIGS. 7A to 7D and FIGS. 8A to 8D are cross-sectional 
views illustrating a method for fabricating the non-volatile 
memory device in accordance with the embodiments of the 
present invention. FIGS. 7A to 7D are cross-sectional views 
illustrating the non-volatile memory device taken along an 
A-A'line shown in FIG. 2. FIGS. 8A to 8D are cross-sectional 
views illustrating the non-volatile memory device taken 
along a B-B' line shown in FIG. 2. 

Referring to FIGS. 7A and 8A, a substrate 10 is prepared. 
A semiconductor substrate may be used as the substrate 10. 
The semiconductor Substrate may be of a single crystal state 
and contain a silicon-containing material. That is, the semi 
conductor Substrate may include a single crystal silicon-con 
taining material. For example, the substrate 10 may be a bulk 
silicon substrate or an SOI substrate. 

Although not illustrated, the substrate 10 may include a 
logic region and a memory region. A CMOS including an 
NMOS and a PMOS may be formed in the logic region, and 
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10 
the non-volatile memory device in accordance with the 
embodiments of the present invention may be fabricated in 
the memory region. 

Subsequently, a deep well 12 of a second conductive type is 
formed in the substrate 10. A first well 16 of a second con 
ductive type and a second well 18 of a first conductive type are 
formed in the deep well 12. The first well 16 may serve as an 
active control gate. The first well 16 and the second well 18 
may be disposed to be spaced apart from each other with a 
predetermined gap or adjacent to each other on one side. The 
deep well 12, the first well 16 and the second well 18 may be 
formed by ion-implanting an impurity into the Substrate 10. 
A logic well may be formed in the logic region simulta 

neously while the deep well 12, the first well 16 and the 
second well 18 are formed. 
An isolation layer 14, which is formed in the substrate 10 

and defines a plurality of active regions, is formed. Specifi 
cally, the isolation layer 14 which defines a first active region 
and a second active region respectively corresponding to the 
first well 16 and the second well 18 is formed. The isolation 
layer 14 may be formed through an STI process. The STI 
process indicates a process by which an isolation trench is 
formed by selectively etching the substrate 10 and gap-filling 
the isolation trench with an insulation material. 

Referring to FIGS. 7B and 8B, a stacked layer in which a 
gate insulation layer 20 and a gate conductive layer are 
sequentially stacked is formed over the substrate 10. Subse 
quently, a gate structure in which the gate insulation layer 20 
and a gate electrode 22 are stacked by selectively etching the 
stacked layer, is formed. Specifically, a floating gate FG of 
multi-finger type having a plurality offingers FG1 and FG2 is 
formed over the substrate 10, and simultaneously a selection 
gate SG is formed. The floating gate FG may be formed to 
overlap with the first and second wells 16 and 18, and the 
fingers FG1 and FG2 may be formed to overlap with the first 
well 16. The selection gate SG may beformed to overlap with 
the second well 18 and to be spaced apart from the floating 
gate FG with a predetermined gap. 
A logic gate, e.g., an NMOS gate, a PMOS gate, etc., may 

beformed in the logic region simultaneously while the float 
ing gate FG and the selection gate SG are formed. 

Referring to FIGS. 7C and 8C, sidewall spacers 24 are 
formed on the sidewalls of the floating gate FG and the 
selection gate SG. The sidewall spacers 24 formed on the 
sidewalls of the floating gate FG, particularly, the fingers FG1 
and FG2, may serve as a charge blocking layer. The sidewall 
spacers 24 may be formed of a single layer selected from the 
group consisting of insulation layers, e.g., an oxide layer, a 
nitride layer and an oxynitride layer, or a stacked layer 
thereof. The sidewall spacers 24 may be formed through a 
Surface etch process, e.g., a series of processes including an 
etch-back process after the insulation layer is formed follow 
ing the Surface of the structure including the floating gate FG 
and the selection gate SG. 
The sidewall spacers 24 may be formed on the sidewalls of 

the logic gate of the logic region simultaneously while the 
process for forming the sidewall spacers 24 is performed. 
A first impurity region 26 of a first conductive type is 

formed in the first well 16 exposed by the fingers FG1 and 
FG2. A second impurity region 28 of a second conductive 
type is formed in the second well 18 exposed by the floating 
gate FG and the selection gate SG. The first impurity region 
26 and the second impurity region 28 may beformed through 
an ion-implantation process. The first impurity region 26 and 
the second impurity region 28 may be formed to have LDD 
Structures. 
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A junction region and a pick-up region including a source 
region and a drain region may be formed in the logic region 
simultaneously while the first impurity region 26 and the 
second impurity region 28 are formed. 

Referring to FIGS. 7D and 8D, an inter-layer insulation 
layer 30 is formed over the substrate 10. The inter-layer 
insulation layer 30 may be formed of a single layer selected 
from the group consisting of an oxide layer, a nitride layer and 
an oxynitride layer, or a stacked layer thereof. 
A plurality of control plugs 32 are formed to be disposed 

adjacent to the first impurity region 26 by penetrating the 
inter-layer insulation layer 30. A first contact plug 34 which is 
coupled with the second impurity region 28 disposed adjacent 
to the floating gate FG, a second contact plug 36 which is 
coupled with the second impurity region 28 disposed adjacent 
to the selection gate SG, and a third contact plug 38 which is 
coupled with the selection gate SG are formed. After a contact 
hole is formed by selectively etching the inter-layer insulation 
layer 30, and a conductive material is formed over the sub 
strate so as to gap-fill the contact hole, the plug structures may 
beformed through a series of processes including a planariza 
tion process which are performed until the inter-layer insula 
tion layer 30 is exposed. The plug structures may beformed in 
the logic region simultaneously while the plug structures are 
formed in the memory region. 

Although not illustrated, lines are formed to contact each of 
the plugs. Subsequently, the device may be completed by 
using widely-known semiconductor fabrication technology. 
As described above, the non-volatile memory device in 

accordance with the embodiments of the present invention 
may be fabricated through a predetermined logic process. 
That is, the memory device may be fabricated without an 
additional process. Consequently, the non-volatile memory 
device may be easily applied to an embedded memory, may 
have great logic compatibility, and may improve its produc 
tivity. 

In accordance with the embodiments of the present inven 
tion, since a non-volatile memory device includes a first cou 
pling unit having an active control gate by which an electric 
field applies to a floating gate in a vertical direction and a 
second coupling unit having a plurality of control plugs by 
which an electric field applies to the floating gate in a hori 
Zontal direction, a coupling ratio that the device requires may 
be secured in a minimum area. As a result, the integration 
degree of the device may improve. 
As the coupling ratio that the device requires is secured, a 

structure, e.g., a well structure, for programming, erasing and 
reading data may be simplified, and the integration degree of 
the device may further improve. Also, a variety of operation 
schemes may be applied, and the operation characteristic may 
improve. 

Furthermore, since the non-volatile memory device is free 
of a polarity of a bias used for coupling the floating gate as the 
control unit is formed, the size of a peripheral circuit which 
applies the bias to memory cells may be reduced, and widely 
know diverse operation schemes may be easily applied. 

Therefore, the non-volatile memory device may be fabri 
cated through a predetermined logic process without an addi 
tional process. Accordingly, the non-volatile memory device 
may be easily applied to an embedded memory, may have 
great logic compatibility, and may improve its productivity. 

While the present invention has been described with 
respect to the specific embodiments, it should be noted that 
the embodiments are for describing, not limiting, the present 
invention. Further, it should be noted that the present inven 
tion may be achieved in various ways through substitution, 
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12 
change, and modification, by those skilled in the art without 
departing from the scope of the present invention as defined 
by the following claims. 

What is claimed is: 
1. A non-volatile memory device, comprising: 
a floating gate having a plurality of fingers extended in a 

first direction; 
a first coupling unit including an active control gate formed 

below the floating gate; 
a second coupling unit including a plurality of line type 

control plugs extended in the first direction and formed 
between the plurality of fingers; and 

a control unit which electrically connects the active control 
gate to the line type control plugs and controls a bias to 
be applied to the active control gate. 

2. The non-volatile memory device of claim 1, wherein the 
active control gate overlaps with the fingers. 

3. The non-volatile memory device of claim 1, wherein the 
active control gate includes a well, which is formed in a 
Substrate below the floating gate. 

4. The non-volatile memory device of claim 1, wherein 
each of the control plugs has one or more sidewalls facing the 
fingers. 

5. The non-volatile memory device of claim 1, wherein the 
control unit includes a diode. 

6. The non-volatile memory device of claim 5, wherein an 
anode and the diode is coupled to the control plug, and a 
cathode of the diode is coupled to the active control gate. 

7. A non-volatile memory device, comprising: 
a floating gate having a plurality of fingers extended in a 

first direction: 
a first coupling unit including an active control gate formed 

below the floating gate; 
a second coupling unit including a plurality of line type 

control plugs extended in the first direction and formed 
between the plurality of fingers; 

an impurity region which electrically connects the active 
control gate to the line type control plugs, 

wherein the impurity region includes a control unit which 
controls a bias to be applied to the active control gate. 

8. The non-volatile memory device of claim 7, wherein the 
impurity region has a conductive type in a complementary 
relationship to the active control gate, which is formed in the 
active control gate, and the impurity region overlaps with the 
fingers. 

9. The non-volatile memory device of claim 7, wherein the 
active control gate overlaps with the fingers. 

10. The non-volatile memory device of claim 7, wherein 
the active control gate includes a well, which is formed in a 
Substrate below the floating gate. 

11. The non-volatile memory device of claim 7, wherein 
each of the control plugs has one or more sidewalls facing the 
fingers. 

12. The non-volatile memory device of claim 7, wherein 
the control unit includes a diode. 

13. The non-volatile memory device of claim 12, wherein 
the diode includes a PN junction diode, an anode of the PN 
junction diode is coupled to the line type control plug, and a 
cathode of the PN junction diode is coupled to the active 
control gate. 

14. A non-volatile memory device, comprising: 
a floating gate having a plurality of fingers extended in a 

first direction and arranged in a second direction; 
a plurality of line type control plugs extended in the first 

direction and arranged in the second direction, which are 
formed between the plurality of fingers; 



US 9,355,729 B2 
13 

an impurity region formed in an active control gate below 
the plurality of fingers, contacted with the line type 
control plug and overlaps with the fingers, 

wherein the impurity region has a conductive type in a 
complementary relationship to the active control gate, 

wherein the impurity region includes a control unit includ 
ing a diode which electrically connects the active control 
gate to the line type control plugs and controls a bias to 
be applied to the active control gate. 

15. The non-volatile memory device of claim 14, further 
comprising: 

a first coupling unit including the active control gate; and 
a second coupling unit including the line type control plug. 
16. The non-volatile memory device of claim 14, wherein 

the impurity region couples the floating gate when the active 
control gate floats by the control unit. 
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